In the regions near to active faults, if the fault rupture propagation is towards the site and the shear wave propagation velocity is near the velocity of fault rupture propagation, the forward directivity effect causes pulse-like long-period large-amplitude vibrations perpendicular to the fault plane which causes a large amount of energy to be imposed to structures in a short time. According to previous investigations, the amounts of input and dissipated energies in the structure represent the general performance of the structure and show the level of damage and flexibility of the structure against earthquake. Therefore, in this study, the distribution of damage in the structure height and its amount at the height of steel moment frames under the pulse-like vibrations in the near fault region has been investigated. The results of this study show that the increase rate of earthquake input energy with respect to increase in the number of stories of the structure in the near field of fault is triple that in the far field of fault which then leads to a 2-2.5 times increase in the earthquake input energy in the high rise moment frames in the near field of fault with respect to that in the far field of fault.
Introduction
In recent decades, the energy concepts have found their way in the earthquake engineering, in such a way that energy concepts now have applications in optimization design [1] and vulnerability evaluation of the structures under earthquake and therefore researchers have proposed some methods for designing the structures [2] . Housner was the first one who brought about the energy method for the seismic design [3, 4] and in 1999, designing of moment frames according to energy was proposed by Leelataviwat et al. [5, 6] . The common seismic design methods which are based on strength demand and deformation control estimate the earthquake intensity by means of Peak Ground Acceleration (PGA) or Effective Peak Acceleration (EPA) (EPA = /2.5, is average spectral acceleration of velocity-sensitive region of response spectrum (ATC 3-06, 1978)) and then estimate the earthquake forces imposed on the structure by response spectrum, main period, and the effective weight of the structure. These methods do not consider the duration parameter of earthquake and its effect on the structure hysteresis behavior, while in the seismic design methods which are based on energy all the structure and earthquake parameters such as frequency, earthquake duration, and structure specifications such as ductility, damping, the structure natural oscillation period, and hysteresis behavior are considered [5] . In the near field of the fault, due to the effects of forward directivity, the earthquake energy is imposed by means of a small number of oscillation cycles in the direction perpendicular to the fault line which then leads to more demands such as base shear and relative displacements in the structure [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . In order to investigate the seismic behavior of the structures in the near field of fault, many investigations have been carried out so far which have mostly been based on displacement B2  B2  B2  C3  C3  C3  C3  B4  B4  B4  C4  C3  C3  C4  B4  B4  B4  C4  C5  C5  C4  B4  B4  B4  C5  C5  C5  C5  B5  B5  B5  C5  C6  C6  C5  B5  B5  B5  C5  C6  C6  C5  B6  B6  B6  C6  C7  C7  C6  B6  B6  B6  C6  C7  C7  C6  B6  B6  B6  C6  C7  C7  C6  B8  B8  B8  C7  C8  C8  C7  B8  B8  B8  C7  C8  C8  C7  B8  B8  B8  C7  C8  C8  C7  B8  B8  B8  C7  C10  C10  C7  B8  B8  B8  C8  C10  C10  C8  B8  B8  B8  C8  C11  C11  C8   B2  B2  B2  C3  C3  C3  C3  B4  B4  B4  C3  C3  C3  C3  B4  B4  B4  C4  C4  C4  C4  B5  B5  B5  C4  C5  C5  C4  B5  B5  B5  C5  C5  C5  C5  B5  B5  B5  C5  C6  C6  C5  B7  B7  B7  C5  C6  C6  C5  B7  B7  B7  C5  C7  C7  C5  B7  B7  B7  C6  C7  C7  C6  B7  B7  B7  C6  C7  C7  C6   B2  B2  B2   C3  C3  C3  C3  B4  B4  B4   C3  C3  C3  C3  B4  B4  B4   C4  C4  C4  C4  B5  B5  B5   C4  C5  C5  C4  B5  B5  B5   C4  C5  C5  C4  B5  B5  B5   C5  C6  C6  C5  B5  B5  B5   C5  C6  C6  C5   B2  B2  B2  C3  C3  C3  C3  B4  B4  B4  C3  C3  C3  C3  B4  B4  B4  C4  C4  C4  C4  B4  B4  B4  C4  C5  C5  B4  B4  B4  C4  C5  C5  C4   B1  B1  B1  C1  C1  C1  C1  B3  B3  B3  C2  C2  C2  C2  B3  B3  B3  C2  C3  C3  C2   SMRF3  SMRF5  SMRF7  SMRF10  SMRF15 C4 methods. Most of the investigations done on the near field of fault have focused on the deformations of the structure and structural elements and finally have determined the seismic performance of the structure [9] [10] [11] . According to the statements given above, in this study in order to better understand the seismic behavior of steel moment frames in the near field of the fault and finding out the way the vulnerability is distributed through the height, the distribution pattern of earthquake energy dissipation at the height of steel moment frames under the effect of forward directivity in the near field of the fault has been studied. In order to do this, five 2D steel moment frames with heights of 3, 5, 7, 10, and 15 stories have been designed according to Iran seismic design code. After that, the input energy of the records and the dissipated energy at the stories of the structural models have been determined by means of nonlinear dynamic analysis under 20 earthquake accelerograms in the near and far fields of the fault and then the results have been investigated at the whole height of the models.
Structural Models Design
The structural samples are five 2D steel moment frames with 3 spans with story heights of 3.2 meters and span lengths of 5 meters. The moment frames have 3, 5, 7, 10, and 15 stories. The gravity loading of the models are based on Iranian loading code. For all models, the dead and live loads of the stories except roof are 2500 kg/m and 1000 kg/m, respectively. The dead load of roof is 1750 kg/m for 3-story and 5-story models, 2083 kg/m for the 7-story and 10-story models, and 2250 kg/m for the 15-story model. The live load of roof is the same for all models, as it is 750 kg/m. The seismic loading is according to Iran seismic design code 3rd edition (Standard 2800 3rd edition, 2005). All the models were designed for the regions with high seismic hazard in the site condition of stiff soil (Class D based on FEMA356 soil classification). Iran seismic design code suggests the Peak Ground Acceleration to be 0.35 g for the regions with high seismic hazard and for 10% probability of earthquake occurrence in a 50 year useful life of the structure. This code has not provided a different PGA for the near field of the fault. In other words, the PGA given by Iran seismic design 3rd edition is the same for the equal level of hazard in the near and far fields of the fault. Other parameters of seismic design which consist of structure main period, importance factor related to residential buildings, reduction factor of 10, limitation in the maximum of relative displacement, and the effects of − Δ in analysis and design of structures have been considered. According to Iran steel structures design code, steel structural elements are made of ST37 with the specifications of yield strength of = 2400 kg/cm 2 , ultimate strength of 3600 kg/cm 2 , elastic modulus of 2.1 × 10 6 kg/cm 2 and Poisson ratio of 0.3. The structural elements have been chosen from the type of seismic compact sections and the beams have been designed by assuming enough lateral supports. Figure 1 shows the details of structural samples.
The Accelerograms Used for Nonlinear Dynamic Analysis of the Structures
In the near field of the fault, when the earthquake shear wave propagation velocity is close to the rupture propagation velocity of the fault plane and the direction of the fault rupture propagation is towards the site, then strong vibrations of the ground will be pulse-like with long period and low numbers of oscillations, short effective duration and high amplitude which are effective in the direction perpendicular to the fault plane [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . The pulse-like vibrations are clearly seen in h Pseudo pulse period. * P. Tp is calculated for near fault pulse-like motions and calculation of it for non-pulse-like motions in far field of fault is not valid [14] .
velocity record perpendicular to the fault plane most of the time [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . The other effect of forward directivity is filing step or ground permanent displacement which occurs in the direction parallel to the fault slip [7] [8] [9] . The previous studies have shown that, compared to other forward directivity effects, pulse-like vibrations in the near field of the fault have more damaging effects on the engineering structures in the direction perpendicular to the fault line [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . The earthquake magnitude, site conditions, velocity pulse period, and the peak point of velocity time history have important roles in increasing the effects of forward directivity in the near field of the fault [7, 9, 11, 13, 14] . The effects of forward directivity decrease by increasing the distance with the fault. After a particular distance, these effects completely disappear; in this case, the regions are under the effect of neutral directivity [15] . All of the used accelerograms used in this study are chosen from the well-known earthquakes with magnitudes higher than 6.5 which are recorded in sites with stiff soils (Class D based on FEMA356 soil classification). According to references [7, 15] , in order to investigate the structural models under the effect of forward directivity, the records of the near field of the fault have been chosen in such a way that first, the records have short effective duration, high amplitude, and pulse-like effects with long period (higher than 0.7 s) in the velocity record; Second, the maximum distance of the place where the records are recorded is not higher than 15 kilometers from the fault; Third, the records of the near field of fault have been chosen in such a way that they have higher ratio of PGV/PGA with respect to that of the far field of fault; and fourth, the amount of their response spectrum in the range of long period ( > 1 s) is higher with respect of that in the far field of the fault. According to reference [15] , in order to prevent the effect of the number of oscillation in the earthquakes recorded very far from the fault with negligible PGA, the far fault ground motion records in the regions having neutral directivity and PGA > 0.1 g were chosen. Table 1 shows the records used for the nonlinear dynamic analysis.
Details of Modeling and Nonlinear Dynamic Analysis of Structural Models
For analyzing the structural samples, Perform 3D v4 package has been used according to the following assumptions.
(a) According to Iran seismic design code, the structural samples have been designed in such a way that their elements have high ductility capacities in order to prevent the brittle fracture of the structure during the earthquake. Therefore, according to FEMA356, the plastic hinges have been considered based on the force-displacement relationship of the ductile structural elements in Figure 2 . In order to determine the force-displacement relationship parameters ( , , and ) in Figure 2 , Table 3 has been used.
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It is noteworthy to say that the beams and columns connections are assumed to be rigid.
(b) The time steps for the records have been set to 0.005 s and in order to control the analysis stopping, maximum 500 substeps have been considered for each time step.
(c) In the nonlinear dynamic analysis, the effects of large deformations have been considered.
(d) According to the recommendations of Iran seismic design code, 5% critical damping has been considered for dynamic analysis of the models [18] .
(e) Iran seismic design code has proposed the PGA of 0.35 g for designing the structures in the regions with 10% of earthquake occurrence for the 50 useful lifetime of the structure [18] . This code has not suggested other amounts of PGA in the near field of fault for the above hazard level. Since in this study the aim is to investigate the behavior of structural models by assuming the same hazard levels at near and far fields of the fault, therefore the accelerograms of Table 1 have been scaled to the peak acceleration of 0.35 g according to Iran seismic design code (2005). Anyway, it must be stated that for design purposes, other methods must be used for scaling the actual records of earthquake.
(f) According to FEMA356 codes, if seven or higher number of earthquake records are implemented for analyzing the time history, the average results of maximum earthquakes response can be used. Therefore, in this study, the average of maximum results of models analyses has been used in the near and far fields of fault in order to compare the parameters of structure response.
Study of Energy Equilibrium Equation in the Structure
During the earthquake, depending on the site conditions, structure specifications, and the contents of ground vibration frequency, the structures receive different amounts of earthquake energy. The energy transferred to the structure by the earthquake causes oscillating responses in the structure which depending on the severity of the vibration creates elastic and inelastic deformations in the structural elements. Therefore during the earthquake, the total energy caused by oscillating response consists of kinetic energy ( ), elastic strain ( es ), and the dissipated energies in the structure consist of damping energy ( ) and hysteresis energy ( ℎ ) (1). Using (2), the energy entering the structure by the earthquake ( ) can be determined for a multi-degree-offreedom system: The force-displacement relationship for the ductile structural elements [19] .
In (2),u is the (relative) velocity of the degrees of freedom, r is the influence vector (influence coefficient matrix),ü is the ground acceleration, and t is the earthquake accelerogram duration [19] . According to (2) , the input energies of the records of the near and far fields of the fault have been investigated in Figures 3 and 4 . Investigating the input energies of each of the earthquakes for the structural models in Figure 3 shows that the increase rate of earthquake energy with respect to increase in the number of stories of the structure for the near field of the fault is triple of that for the far field of the fault. As it can be seen in Figure 4 , the average ratio of input energy of near field of fault over the far field of the fault is 1.27 for the 3-story model, while it has reached 2.5 for the 15-story model. This shows that pulse-like vibrations of the ground in the near field of fault have more destructive effects on the high rise (long period) structures in comparison with low rise structures.
Investigation of accumulative input energies in the near and far fields of the fault over time shows that in the near field of fault, the time at which 90% of earthquake energy has been transferred to the structure is at least 50% lower than that time for the records of the far field of fault. It is in such a way that it can be seen that in the near field of the fault, most of the earthquake energy is accumulated in the period when the forward directivity pulse is imposed. On the other hand, in the far field of the fault, the earthquake energy is distributed almost equally in the time. Figure 5 shows this for the 3-story model. Figure 6 shows the time history of the inelastic, damping, strain elastic, and kinetic energies for the 3-story model under the time history of ground displacement of Kobe, Japan earthquake (1995) in the near and far fields of the fault. According to the inelastic accumulative energy diagram shown in Figure 6 , the rise time of inelastic accumulative energy in the near field of the fault has reached its maximum value in a shorter time (more than 50% shorter) than that for the far field of the fault. As clearly seen, the most of inelastic energy of the near field of fault is concentrated in the period of pulse-like vibration, while for the far field region the inelastic energy is distributed in a longer time. Investigating the accumulative diagram of the damping energy in Figure 6 shows that during the pulse-like vibration of the ground, Advances in Acoustics and Vibration the damping energy accumulative diagram in the near field of fault has higher slope than that in the far field of the fault (about 1.35 times for the 3-story model). This shows that in the instance of pulse vibration of the near fault field, most of the structure energy dissipation capacity is used by damping.
The results of relative displacement time history of 3-story model in Figure 7 show that 60-90% of the earthquake energy is imposed on the structure after the directivity pulse which leads to the obvious inelastic deformation in the structure. Then, the structure oscillates around that deformation and at the end of the earthquake this deformation remains. Anyway, in the far field of the fault, the structure goes under several consecutive inelastic deformations in many directions which lead to permanent displacement at the end of the earthquake with lower (about 30%) amplitude with respect to that in the near field of fault. After the earthquake, if the structure is not destroyed, the free vibration of the structure dissipated the remaining strain and kinetic energies of the earthquake by means of damping. Therefore, after the free vibration of the structure, the sum of dissipated energy by damping and hysteresis is equal to the earthquake input energy. Equations (3), (4), and (5) give the kinetic energy ( ), damping energy ( ), and sum of elastic Advances in Acoustics and Vibration 7 ( es ) and inelastic ( ℎ ) strain energies for a multi-degree-offreedom system, respectively:
where M is the mass matrix, C is the damping matrix, K is the stiffness matrix, u is the (relative) displacement vector of the degrees of freedom, r is the influence vector (the matrix of influence coefficients),ü is the ground acceleration, and t is the earthquake accelerograms duration [5] . The strain energy consists of elastic strain energy and inelastic (hysteresis) energy which are both included in (5). The elastic strain energy is a part of the earthquake energy which is saved in the form of elastic strain in the structural elements (which is converted into the damping and kinetic energy in the free vibration of the structure) [4, 5] . The hysteresis energy consists of the dissipated energy by the inelastic deformations of the structural elements. After the end of the structural vibration, the percentages of the dissipated energy by damping and inelastic deformations are compared in Figure 8 for the near and far fields of the fault.
As it can be seen in Figure 8(a) , by increasing the structure height, the percentage of the energy dissipated by damping in the far field of fault increases, while in the near field of fault, by increasing the structure height, the percentage of the energy dissipated by damping decreases with a mild slope. It can be seen in Figure 8 (b) that by increasing the structure height, the energy dissipated by nonlinear strains in the far field of fault decreases, while in the near field of fault, by increasing the structure height, the percentage of hysteresis energy (the energy dissipated by inelastic deformations) increases with a mild slope. The averages of results of Table 2 show that in the far field of fault, damping has a more effective role in dissipating the earthquake energy specially for high rise models ( > 1 s), in such a way that damping has dissipated about 70-95% of earthquake input energy while the inelastic behavior of the structure has dissipated about 5-25% of the earthquake energy. It is also seen that in the near field of fault, the high percentage of damping contribution in the energy dissipation has decreased and the energy dissipated by inelastic deformations (hysteresis energy) has increased, in such a way that in the near field of fault about 60-70% of earthquake energy has been dissipated by damping and 30-40% of the earthquake energy has been dissipated by inelastic strains of the structure. The reason for the fact that damping has an effective role in energy dissipation of high rise structures ( > 1 s) in the far field of fault is that the distance between the principal period of the structure and the average period of the earthquake response spectrum ( in Table 1 ) has increased, while in the near field of the fault it has decreased; thus the structure goes under the stimulation of earthquake more. The results of this section show that in both of the earthquakes of near and far fields of the fault, the maximum damping capacity of the structure is almost used, but because the oscillation energy in the near field of the fault is significantly higher (averagely about 2.5 times) than that in the far field of the fault, the rest of the earthquake energy is dissipated by the hysteresis energy.
Investigation of Damage Distribution over the Height of the Structure
According to previous investigations, the hysteresis energy of the structure is in relationship with the damage in the structure [5] . The amounts of input and dissipated energies in the structure represent the general performance of the structure, an indicator of the level of damage, and the amount of the structure ductility against the earthquake; but they do not indicate the way the structure behaves, the way the structure yields and collapses, and the amount of damage in different elements [4] . In mild earthquakes in which the structural behavior is elastic, the viscous damping has the main role in dissipating the earthquake energy; but in more severe earthquakes in which the structure goes under inelastic deformations, the structure energy is dissipated by viscous damping and inelastic behavior of the structural elements. Therefore, there is a direct relationship between the hysteresis energy and damage in the structure [4] . In this study, in order to investigate the earthquake damage distribution in the height of the structure in the near and far fields of the fault, the inelastic energy (the energy dissipated by hysteresis behavior) is studied for the stories of steel moment frames in the near and far fields of fault. In addition to that, in order to determine the amount of damage in the structural elements, the average of maximum ratio of demand to capacity of the structural elements of the stories in the life safety level has been used. Figure 9 shows an example of hysteresis behavior of 5-story and 15-story models for the low, middle, and top stories of the structure in the near and far fields of the fault.
According to Figure 9 , in the lower stories of the structure, one or two large deformations can be seen in the hysteresis behavior of the models in the near field of fault in relation to deformations in the far field of fault which can be attributed to the effects of forward directivity. In the upper stories, this large deformation (thickening in the hysteresis curve) decreases in a way that it disappears in the uppermost story. In Figure 10 , in order to investigate the inelastic energy distribution in the height of structural models, the average of percentage of dissipated energy by the inelastic deformations for each story has been given for the near and far fields of the fault.
According to Figure 10 , it can be seen that the percentage of inelastic energy distribution of the stories in the height of the structure from the total hysteresis energy for the near and far fields of fault is very close (with less than 10% difference). It can also be seen that as the height increases, the maximum contribution of the hysteresis energy distribution occurs in the upper stories. Figure 10 shows that the most of the hysteresis energy (about 70-90%) has occurred in the lower stories of the models (about 30-50% of the structure height). In order to investigate the level of the structure damages with respect to height, the average of the results of demand to capacity ratio (DCR) of the structural elements has been calculated based on FEMA356 provisions for life safety performance level. The appendix provides details of calculations for obtaining DCRs. Averages of DCRs in near and far field of fault are shown in Figure 11 . The results of Figure 11 show that the demand to capacity ratio of structural elements in the near field of the fault under the pulse-like long-period ( pulse > 0.7 s) motions is about 1.6 to 3 times of the corresponding value in the far field of fault in the lower part of the models, depending on the height of the structure.
The results of Figure 10 show that vulnerability is higher for the lower stories of the models. Also Figure 11 shows that amounts of vulnerability are not equal for the near and far fields of the fault. Although the percentage of hysteresis energy distribution in the height of the structure is similar for the records of the near and far fields of fault, but the value of demand to capacity ratio of the structural elements (vulnerability) in the structure height is not the same for the near and far fields of the fault. This can be attributed by two reasons. First, as it can be seen in Figure 4 , the input energy of near-fault ground motion is more than that in the far-fault ground motions which leads to increase in the hysteresis energy of the structure, in such a way that increases in the input energy and earthquake energy accumulation in 1-3 pulse-like vibration causes the earthquake input energy become larger than capacity of structure for damping energy dissipation during the duration of pulse vibration. Therefore the rest of energy is dissipated by the structure inelastic deformations. The second reason for the fact that the demand to capacity ratio of the structural elements is higher in the near field of the fault is the higher deformation of the structure in one direction, in such a way that if the structure deforms by a constant force in a direction, the dissipated energy will be equivalent to the situation in which the structure goes under a reciprocating deformation with the same constant force but with half of the amplitude of the first case. Therefore, since the damage level of the structural elements depends on the level of deformation (although the dissipated energy in the structural elements is constant), in a one-way displacement, they go under more deformation and are damaged more. Therefore, the type and amount of damage of the structural elements (especially at the far field of fault) cannot be determined based on the dissipated (hysteresis) energy of the story. Anyway, the distribution of the damage in the structure can be determined based on the dissipated (hysteresis) energy of the story. In the near fields of the fault, the forward directivity effect of the pulse-like long period motion of the ground ( pulse > 0.7 s) causes the structure to go under a very large deformation in one direction in a short time and under 1-3 pulses with high amplitude and long oscillation period as most of the input energy (about 70-90% of it) is dissipated in the 30-50% lower part of the structure which then leads to increase in the ductility demand and demand to capacity ratio of the structure elements in the 30-50% of lower stories of the structure.
Conclusions
In this study, in order to investigate the pattern of vulnerability distribution and the level of damage in the steel moment frames under the effect of far and near fault ground motions, 5 steel moment frame models with 3, 5, 7, 10, and 15 stories under 20 earthquake records were investigated with the help of the structure energy equilibrium equation, and the following conclusions were drawn.
(1) The increase rate (or slope) of the earthquake input energy with respect to increase in the number of stories of the structure for the near field of the fault is triple of that of the far field of the fault, in such a way that the average ratio of input energy of near field of fault over the far field of the fault is 1.27 for the 3-story model, while it has reached 2.5 for the 15-story model. Therefore pulse-like vibrations of the ground in the near field of fault have more destructive effects on the high rise long period structures ( > 0.7 s) in comparison with low rise structures. (2) In the far field of fault, damping has dissipated about 70-95% of earthquake input energy while the inelastic behavior of the structure has dissipated about 5-25% of the earthquake energy, while in the near field of fault about 60-70% of earthquake energy has been dissipated by damping and 30-40% of the earthquake energy has been dissipated by inelastic strains of the structure. Therefore damping has an effective role in energy dissipation of high rise structures ( > 1 s) in the far field of fault, while in the near field of the fault the contribution percentage of damping has decreased; thus the value of energy dissipation by the inelastic deformations (hysteresis energy) increases. It must be stated that in both of the earthquakes of near and far fields of the fault, the maximum damping capacity of the structure is almost used, but because the oscillation energy in the near field of the fault is significantly higher (about 1.3-2.5 times) than that in the far field of the fault, the rest of the earthquake energy is dissipated by the hysteresis energy. (3) Investigation of the inelastic (hysteresis) energy distribution shows that the most of the hysteresis energy (about 70-90%) has occurred in the lower stories of the models (about 30-50% of the structure height at low). Even though the shape of hysteresis energy distribution at the structure height is similar for the near and far fields of the structure, but because of higher energy of the near-fault ground motions (about 2.5 times) and the low number of reciprocating oscillations of the ground pulse-like vibrations in the near field of the fault, the forward directivity effect increases the demand to capacity ratio of the structural elements in the 30-50% lower stories of the structure, significantly. Therefore by assuming the same PGA for the near and far fields of the fault, the demand to capacity ratio of structural elements in the near field of the fault under the pulse-like longperiod ( pulse > 0.7 s) in the lower part of the models, depending on the height of the structure, is about 1.6 to 3 times of the corresponding value in the far field of fault.
Appendix Modeling Criteria in This Study
See Figure 2 and Table 3 .
In the appendix, nonlinear modeling and process to identification of demand to capacity ratio (DCR) of structural elements are explained based on FEMA356.
FEMA356 has divided structural elements to three groups of brittle (nonductile), semiductile, and ductile elements. Nonductile elements are force-control and ductile elements are deformation-control. DCR of force-control elements is identified by DCR = UF CL .
(A.1)
Axial behavior of columns is force-control, but flexural behavior of steel columns depends on the level of axial compression force of columns. For steel columns, which are under combined axial compression and bending stress, when axial compression force is less than 50% of axial lower-bound of column capacity ( CL ), the column flexural behavior is deformation-control. If the axial force is more than 50% of axial lower-bound of column capacity ( CL ), the flexural behavior of column is force-control. Equation According to (A.3), max is the maximum rotation of structural element obtained by nonlinear dynamic analysis and allowable is the maximum rotation capacity of structural element obtained from Table 3 based on FEMA356. allowable is defined by coefficient of .
is the maximum elastic rotation of elements calculated by (A.4) and (A.5) for girders and columns respectively.
Maximum elastic rotation capacity of girders is as follows: Also, to nonlinear modeling of moment frames, plastic hinge of elements, force-deformation curves is obtained by (A.4) to (A.7), Figure 2 and Table 3 
